carbonaria Jordan and insularia Th-Mieg (plate II, fig. 6 ). These experiments were carried out in a circumscribed area of woodland, the Christopher Cadbury Bird Reserve, situated about six miles from the industrial and heavily polluted area of Birmingham. The results then obtained may be summarised as follows (a) When released on to available trunks and boughs, their normal resting places, over 97 per cent, of carbonaria (the black form) appeared to the human eye to be inconspicuous. Conversely, nearly 89 per cent. of the light form of the Peppered Moth were adjudged conspicuous (plate I, fig. 2 ). (b) Direct observation on the released insects showed that by late afternoon 54 per cent, of the light form had disappeared but only 37 per cent. of the carbonaria. Furthermore, we witnessed both Robins (Erithacus rubecula L.) and Hedge Sparrows (Prunella modularis L.) take the moths from off the trees, and they did this selectively and, on the majority of occasions, in an order of conspicuousness as previously scored by us.
(c) Recapture figures, reflecting a differential mortality rate, showed that more than twice as many carbonaria survived as ypica1 (27'5 to 13 per cent.) ( fig. ia) . These experiments showed that birds act as selective agents and that the melanic forms of betularia are at a cryptic advantage in an industrial area such as Birmingham. It was essential to repeat these observations during a subsequent season and to extend them by carrying out comparable mark-release-recapture experiments in unpolluted countryside. This paper provides details of such work, which was undertaken in 1955.
A REPEAT OF THE SELECTION EXPERIMENTS IN THE BIRMINGHAM DISTRICT
Immediately following successful mark-release-recapture experiments in the summer of 1955 in an unpolluted wood in Dorset (recorded later in this paper) we moved camp to the Christopher Cadbury Bird The letters C, T, and I stand for carbonaria, typwal and insularia respectively throughout this paper place on two days whilst he kept observation from a hide. In each case the two forms were released in equality and subsequently replenished at intervals after all of one form had been taken. In this way, he recorded that 4.3 of the pale typical form were eaten to 15 of the black form carbonaria and, on the majority of occasions, two or more typicals were eaten before a carbonaria was discovered. Once again we were able to show that the presence of a conspicuous light coloured typical immediately put the better hidden carbonaria at a disadvantage which they would not otherwise have incurred if they had been released on their own.
(c) A total of 559 wild betularia were caught over a period of 13 This small repeat experiment fully corroborated the findings of the previous one, namely that the pale typical form, as found in unpolluted countryside, is at a cryptic disadvantage in an industrial area. The fact that birds eliminate these selectively, thereby affecting the evolution of the Peppered Moth, was again recorded.
number of pup necessary to ensure specimens for release had to be available on the site. A large number of woods in Devon and Cornwall, where only the typical light coloured form of Biston betularia occurs, were investigated, but were found to be unsuitable for one reason or another. Eventually a peninsula of extremely heavily lichened woodland was found in Deanend Wood, Dorset ( fig. 2) , and in i954 I was able to visit it for a single night with a view to collecting a random sample of betularia Twenty specimens were taken assembling to virgin females, of which ,9 were typical and i insularia. There were 4if ,
•. 10 chains no carbonaria. Furthermore, leaf washings from locally collected samples showed a small degree of pollution only. Accordingly, in 1955, in mid-June, I set up camp in these woods. Suitable sheds were found to house the three thousand betularia pup. An electric generator with mercury vapour traps was installed in the centre ride and the periphery of the wood was lined with cages destined to contain virgin females, so that at night the whole release area would be subject to a concentration of female assembling scent and this, no doubt, succeeded in holding a proportion of our male releases within the area of woodland.
The experiments were designed so that each aspect of the work could be compared with the previous Birmingham results, and the methods employed came under the following headings:
(i) Scoring values as gauged by human standards.
(2) Direct observation as to what happened to the individuals so scored.
(3) Recapture figures which provided data over longer periods.
On every occasion, recapture results were assessed on male Peppered
Moths only, because of the impossibility of recapturing females.
However, these were used as releases for continuous observation from hides where, at the same time as a film record which was made, the order of predation of each insect was noted.
(
I) Scoring values for crypsis
The technique of scoring previously used was to assess, in the first place at a distance of two yards, whether a released moth was (a) conspicuous, or (b) inconspicuous. Subsequently, three categories were allowed for each, so that the score for (a) would be either -i, -2, or -3, and for (b) +1, +2, or +3 depending on the distance at which the insect faded into its background. As pointed out in the previous paper, this method of scoring worked satisfactorily in the Birmingham experiments. It came as a surprise then to find that, of 120 typicals released in Deanend Wood during the first few days, all were classed as inconspicuous, with 85 per cent. scoring +3. Conversely, all 75 carbonaria scored by us appeared conspicuous and 8o per cent. of these scored -3. In view of the random sample of the release points selected, it appeared unnecessary to continue the arduous procedure of scoring the cryptic value of each individual release, and it was accepted that in these woods, to the human eye, the majority of the light typical form were extremely well hidden, and the carbonaria were nearly always conspicuous (plate I, fig. s ).
(ii) Direct observation (a) A record of tile number of individuals present or absent by late afternoon. Early on in the experiments an apparent deficiency of the light typical form was recorded when the afternoon check on releases took place. There were also many carbonaria missing. In the present work, in regard to the other melanic insularia, the numbers used, though quoted, were so small that they have no significance. It became increasingly obvious that one was passing over the typical form on the licheried tree trunks, and they are practically impossible to see. To test this, I did a check immediately following the morning's release, in an area where my continual presence prevented predation. All the carbonaria were present, but over 30 per cent. of the typicals were unaccounted for. The cryptic efficiency of the typical on a lichened background is, in fact, greater than that of carbonaria on the blackened Birmingham tree trunks. For this reason, this type of recording was discontinued.
(b) Observation from hides. In the course of filming, Dr Niko Tinbergen, who had to spend the greater part of each day in a hide, recorded the order in which predation occurred. These figures are added to my own observations. It must be emphasised that these records were of concentrations of female betularia necessary for photography, but that they played no part in my release-recapture figures. On each occasion, an equal number of black and white forms were used at the commencement, but it was found impracticable to replace each phenotype after it had been taken. Their numbers were Xote.-On all occasions these observations commenced with equal numbers of both phenotypes. We replaced them when all of one phenotype had been taken.
replenished after the last of one phenotype had been eaten, thus preventing simple statistical analysis. By doing this, it will be appreciated that the bias was, thereafter, in favour of that phenotype which had been eliminated previously, and it was found that on the majority of occasions the more conspicuous of the two forms were all taken before any of the others. This behaviour was common to five species of birds to a greater or lesser degree, as will be seen from the figures in table 4 (plate I, fig. 3 , and plate II, figs. i, 2, 3 and 4). s6'67) for the i x correct days : 406 being carbonaria and 393 typical. I got back i carbonaria and 54 typical, being 4'68 and 13'74 per cent.
respectively (see tables 5 and 5A).
DISCUSSION AND RELEASE PROBLEMS
Various types of release techniques were undertaken with the object of finding the best way of subjecting as many individuals as possible, under natural conditions, to maximum predation for the longest time. I propose, therefore, to discuss these in some detail, and to give reasons for excluding three sets of figures from the table due to the unsatisfactory nature of the releases.
I used 84 betularia in the first experiment (13/6/55). These were released on only twenty trees, the reason for this small number of release points being that I had been unable to locate and prepare the other trees in the area. The result was that I produced a high concentration of moths on comparatively few tree trunks (an average of 4 per tree), nor were the two forms on every occasion released in equality per tree. The late afternoon check showed that in nearly . ) flew on to a tree trunk on which was released a very conspicuous typical (Birmingham frequency io per cent.) and after scrutinising it closely it flew away without attacking it. It is, however, possible that the noise of the ciné camera disturbed it at this point. The next release (14/6/55), which was considered satisfactory, was conducted with a greatly lowered concentration. Twenty-seven betularia were, in fact, put on to 23 trees.
The release on the i 5th was designed to test whether the presence of a carbonaria on the same tree trunk as a typical lowered the latter's expectation of survival. Apart from the 8 male carbonaria released, females had, on this occasion, to be used also (because of a temporary lack of carbonaria males), so that each of the male typicals had a black moth on the same tree trunk. Two trees, however, were used as controls, and on these two typicals were released on each, with no accompanying melanics. The late afternoon examination (6 p.m.) gave the surprising result that no betularia of any form were to be found on any of the release trees, with the exception that one of the control trees (without a carbonaria being present) had two typicals on it. The following night, out of 37 betularia caught at light and assembling traps, none were from the releases of the i5th. The next night, however, I recaught one typical (out of 68) from this release. This would seem to provide additional evidence to the statement I made in my original paper (p. 336), "From this it would appear that, when a conspicuous insect had been found, it at once put other insects in the immediate vicinity at a disadvantage because of the bird's active seachings." For these reasons I feel that the release conducted on the i5th should not be included.
The following day (16/6/55) a release was undertaken between 5 and 6 p.m., long after the maximum predation time of birds. The object was to test whether, having excluded predation, the design of experiment favoured unduly one phenotype more than another. Twenty-two carbonaria and 40 typical were released. Of these, 7 carbonaria and 6 typical were retrapped the same night (expected-46I to 8.39). It will be noted that this represents the return of nearly a quarter of our releases on the x6th. I am unable to account for the increased proportion of carbonaria recaptures over typical, which occurred this night, but in view of the absence of predation it suggests that the recapture arrangements did not unduly favour the return of the typicals more than the carbonaria. We have, however, already shown that in the Birmingham experiments there was no difference in the proportion of the three phenotypes which were collected, firstly, at mercury vapour light traps and, secondly, at assembling traps containing females of all three phenotypes (proportions of carbonaria, light and assembling, 85 per cent. to 86 per cent., and typical io8 to I04 per cent.). Furthermore, we are able to report similar findings in this present set of experiments (see table 6 ). In view of these facts, and that this release was not designed to reflect the degree of selective predation, and that little in fact could have taken place, it is better to extract the results, along with those of the other two previously mentioned, from those which are about to be considered.
It can be seen from this that the act of predation is no simple response to a single stimulus. It involves, apart from insect cryptic efficiency, such other considerations as insect density, bird conditioning, and searching intensity per trunk, stimulated by an immediate previous experience of finding a conspicuous insect. All other releases were in fact conducted in a uniform manner (with the exception of one other satisfactory method used). In these, on every occasion, there was one phenotype released per tree, and the experiment was conducted over a larger area of woodland. Furthermore, as in the Birmingham experiments, other species of moths which were inhabiting the wood were released within the area at the same time, to minimise the effect of conditioning. This, of course, involves a great deal of extra work, but it is necessary. One further point was noted, that the same trees must not be used as release points on each day, as the birds became conditioned to them.
The "other method" of release referred to was used successfully on i8th June. This took place just before sunrise, between 4 and 4.30 a.m. Forty-two carbonaria, 65 tj'pical (and 3 insularia) were allowed to fly out of their separate boxes which had been previously warmed on the engine of my car. The majority flew and took up positions on the boughs and trunks of nearby trees. I, therefore, used many release points within the area. This method was not repeated because it is necessary to get each insect airborne over a very short period of time, which was difficult due to the coldness of the morning, so that by the time the last few flew, birds were active and, in fact, a Spotted
Flycatcher (Muscicapa striata L.) chased and caught two typical betularia. A too early release, on the other hand, would involve a number of the moths coming to the various traps in action from the previous night. With the exception of the two typicals taken by birds, it appeared that this release was satisfactory. One carbonaria and 6 typical were subsequently recovered.
We have produced evidence that, in undertaking any release experiments involving the use of cryptic insects which normally pass the day concealed on their appropriate backgrounds, due regard must be taken of such factors which affect predation as density, proximity of an individual which has been scored conspicuous, bird conditioning for recognition of a particular species, or for the place of release. To avoid all these complications, individual releases, undertaken over a large area containing many trees, are essential.
CONCLUSIONS
We are now in a position to review firstly, two separate series of release experiments conducted in an industrial district : secondly, to compare figures obtained from these with the data from a similar release undertaken in an unpolluted and heavily lichened wood in Dorset. In regard to the Birmingham experiments: in the second of the two series which were carried out, scoring for crypsis was not repeated as it was unnecessary; neither the trees nor the phenotypes having altered since 1953. Direct observation on bird predation in each case showed that the typical light form was eaten more frequently than carbonaria, and the deficiency of this light form in our recapture figures can be attributed in each case to selective elimination by birds, as such other considerations as sampling errors, a different life span or migration rate for each phenotype, can be ruled out of the repeat experiment for the same reasons as given in 1953.
On comparing the Birmingham figures for crypsis with those of Deanend Wood, Dorset, we found a complete reversal. Over 97 per cent. of the carbonaria in the former location were scored inconspicuous, whereas 89 per cent. of the typicals were adjudged conspicuous. In Deanend Wood, of the carbonaria, all were scored conspicuous, whilst of the typicals all were inconspicuous. Furthermore, of these, 85 per cent. were given the highest mark for cryptic efficiency.
Consequently the observed bird predation on both occasions in Birmingham showed elimination in favour of carbonaria. In 1953, a total of i8 betularia were kept under continuous observation, half being carbonaria and half typical. All the nine typicals were observed to be eaten by Robins and Hedge Sparrows, but only 3 carbonaria, the remaining 6 were never discovered and, in fact, survived the day up to 7 p.m. In the recent work, Dr Tinbergen recorded that a pair of Redstarts and their young took 43 typicals to 15 carbonaria during experimental releases in which both black and light forms were used in equality ( 
